Pre-oviposition ejaculation is known to occur in the three-spined stickleback and may help to determine fertilisation success when sperm competition occurs as a consequence of males adopting alternative mating tactics. However, fish sperm typically show a rapid reduction in motility after exposure to fresh water, which would appear to limit the utility of such a strategy. Here, we use computer-assisted sperm analysis (CASA) to examine changes in stickleback sperm motion over time in fresh water, showing for the first time that this reduction in motility can be reversed by an increase in osmolality. We consider the possibility that ovarian fluid may have the same effect, and suggest that pre-oviposition ejaculation may be associated with higher fertilisation success than might otherwise be the case.
Introduction
Alternative mating tactics are widespread in fishes (Gross, 1984; Taborsky, 1994) , and may have important consequences in areas as diverse as speciation, population dynamics, population genetics and female mate choice 2) Corresponding author; e-mail address: s.c.lecomber@qmul.ac.uk 5) We thank Minna Epps for assistance, Angela Beresford for help with statistics and Helena Elofsson for her valuable advice. Rachel Le Comber and Eleanor Le Comber helped to collect fish. (Smith & Sibly, 1985; Chesser, 1991; Sugg & Chesser, 1994; Magurran, 1998; Jones et al., 2001) . In a typical case, males may act either as guarders, attempting to reproduce via territoriality and/or courtship, or sneaks, that attempt to steal fertilisations from guarders, or both (Turner, 1993) . The timing, order and number of ejaculations and the amount of sperm released may have different optima under different strategies. These optima will depend on a number of variables, including both egg and sperm longevity. The costs of spermatogenesis favour strategies which modulate ejaculates to take into account factors including the presence of rival males (Gage, 1991; Fuller, 1998) , female mated status (Linley & Hinds, 1975; Lorch et al., 1993) , female quality (Shapiro et al., 1994; Marconato et al., 1995; Marconato & Shapiro, 1996) and the probability of further mating opportunities (Parker, 1982; Pitnick, 1993; Gómez & Serra, 1996) ; see Wedell et al. (2002) for a review. Males may also display behavioural responses to the threat of sperm competition, for example a reduction in courtship in the presence of rival males (Le Comber et al., 2003) , or pre-oviposition ejaculation, which is known to occur in species including the rose bitterling (Rhodeus ocellatus Kner) (Kanoh, 1996) and the three-spined stickleback (Gasterosteus aculeatus Linnaeus) (Sevenster-Bol, 1962) . However, the sperm of many fish species, including G. aculeatus, show a rapid reduction in motility after exposure to fresh water, which would appear to limit the utility of such a strategy (Huxley, 1930; Billard, 1978; Elofsson et al., 2003) . It is this issue that we address in this study, using the three-spined stickleback, in which both alternative male mating tactics and pre-oviposition ejaculation have been described (Sevenster-Bol, 1962; van den Assem, 1967; Wootton, 1971) .
The three-spined stickleback is amenable to the study of alternative mating tactics. Its reproductive behaviour has been the subject of extensive research (for example Wootton, 1976 Wootton, , 1984 , it adapts well to the aquarium, and it is also possible to study under field conditions. Males become reproductively active in spring, establishing territories and constructing nests to which females are led to spawn by a characteristic zigzag dance. After a female spawns in the nest, the male follows the female through the nest and fertilises the eggs. The reproductive success of guarders may be undermined by two alternative male mating tactics, sneaking and egg stealing. In sneaking, a rival male follows the guarder through the nest, releasing sperm (van den Assem, 1967; Kynard, 1978) . In some instances, males also steal eggs and carry them back to their own nest. This behaviour is known as egg-stealing (van
